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During the p a s t  s i x  months, t h e  Coordinated Science Laboratory 

p a r t i c i p a t e d  i n  ionosphe r i c  experiments conducted aboard t h e  U. S. Navy 

a i r c r a f t  c a r r i e r  Croatan a t  var ious south geomagnetic l a t i t u d e s ,  abou t  

70 m i l e s  o f f  t he  shores  o f  western South America. 

r o c k e t s  were f i r e d  i n  experiments t o  measure the  e l e c t r o n  d e n s i t y  and 

c o l l i s i o n  frequency i n  t h e  D l aye r .  

magnetic equator  and one each was f i r e d  a t  29 , 44O, and 58' sou th  

l a t i t u d e .  

equa to r ,  where f a i l u r e  was a t t r i b u t e d  t o  malfunct ioning of a commercial 

t e l eme t ry  t r a n s m i t t e r .  

F ive  Nike-Apache 

Two of  t h e s e  were f i r e d  a t  t h e  
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A l l  were s u c c e s s f u l  except  one o f  t h e  f i r i n g s  a t  t he  magnetic 

On June 1 4  and 15, 1965, two more Nike-Apache r o c k e t s  were 

s u c c e s s f u l l y  launched a t  Wallops I s l a n d ,  V i r g i n i a ,  f o r  measuring t h e  

d i f f e r e n t i a l  abso rp t ion  and Faraday r o t a t i o n  f o r  t h e  determinat ion o f  

e l e c t r o n  d e n s i t y  and c o l l i s i o n  frequency i n  the  D r eg ion .  

t h e  t o t a l  number of r o c k e t  f i r i n g s  t o  14,  of which 13 were considered 

o p e r a t i o n a l l y  successful. 

c i p a t i o n  i n  t h i s  phase of t h e  p r o j e c t .  

been t r a n s f e r r e d  t o  a group i n  the  E l e c t r i c a l  Engineering Department 

which w i l l  cont inue t h i s  type of experiment under t h e  d i r e c t i o n  o f  

D r .  Sidney Bowhill. 

This hrings 

These f i r i n g s  b r ing  t o  a c l o s e  CSL's p a r t i -  

The experimental  equipment has  
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One of  t he  novel  f e a t u r e s  of t h i s  experimental  system has 

been the  h igh  sampling ra te  of d i f f e r e n t i a l  abso rp t ion  and Faraday 

r o t a t i o n .  However, due t o  labor ious  methods o f  manual d a t a  a n a l y s i s ,  

t h e  t o t a l  a v a i l a b l e  d a t a  was never f u l l y  e x t r a c t e d  from the recorded 

s i g n a l s .  

of  about one degree has  been done on ly  a t  a l i m i t e d  number of  a l t i t u d e s  

f o r  about  f i v e  experiments because of  t h e  l a r g e  d a t a  process ing  t i m e  

r equ i r ed .  Consequently,  automatic d a t a  process ing  methods were 

i n v e s t i g a t e d .  

The manual determinat ion of Faraday r o t a t i o n  t o  r e s o l u t i o n s  

During t h e  r epor t ed  per iod,  a pro to type  automatic  d a t a  

process ing  system w a s  put  i n t o  ope ra t ion ,  and the f i r s t  d i f f e r e n t i a l  

abso rp t ion  and Faraday r o t a t i o n  d a t a  was e x t r a c t e d  from te lemet ry  

magnetic tape.  To e x t r a c t  d i f f e r e n t i a l  abso rp t ion ,  a magnetic t ape  

conta in ing  t h e  launch-range time s i g n a l s  and t h e  ex t r ao rd ina ry  a t t e n u a t o r  

monitor vo l t age  i s  played back and f ed  t o  an ana log - to -d ig i t a l  recorder  

a t  1/16 r e a l  t i m e .  

s i g n a l s  and changes them t o  a form s u i t a b l e  for punch command s i g n a l s  

t o  t h e  a n a l o g - d i g i t a l  conver te r .  The l a t t e r  u n i t  punches o u t  t h e  d a t a  

p o i n t s  i n  b inary  form whenever commanded by t h e  synchronizer .  These 

command pulses  can be set  a t  r a t e s  of 1, 5,  or 10 pps o f  real  t i m e .  

The punched paper t ape  i s  then fed t o  a d i g i t a l  computer which p r i n t s  

o u t  the ex t r ao rd ina ry  a t t enua to r  s e t t i n g  versus  Greenwich mean t i m e .  

Data which formerly took one week t o  extract  now t akes  about  t h ree  hours 

A synchronizer u n i t  r e c e i v e s  t h e  launch range t i m e  
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and w i l l  be shortened t o  a ha l f  hour ,  when f u l l y  automatized. A p l o t  

o f  au tomat i ca l ly  e x t r a c t e d  d i f f e r e n t i a l  absorp t ion  v e r s u s  Greenwich 

mean t i m e  f o r  rocke t  f i r i n g  14.149 i s  shown i n  F ig .  1. 

An even g r e a t e r  saving i n  t i m e  and l abor  has been accomplished 

w i t h  the automatic  e x t r a c t i o n  of Faraday r o t a t i o n .  

t i nuous ly  measures t h e  in t eg ra t ed  phase s h i f t  between t h e  o r d i n a r y  and 

ex t r ao rd ina ry  t r ansmi t t ed  waves. The ana log - to -d ig i t a l  conver te r  

punches o u t  the accumulated phase s h i f t  (Faraday r o t a t i o n ) ,  upon command 

o f  t h e  synchronizer ,  a t  a rate o f  10 d a t a  p o i n t s  pe r  second o f  r e a l  

t i m e .  This punched t ape  i s  a l s o  fed  t o  a d i g i t a l  computer which 

p r i n t s  o u t  the Faraday r o t a t i o n  versus  Greenwich mean t i m e .  A t  t h e  

p re sen t  t i m e ,  phase co r rec t ions  due t o  a f i l t e r  component m u s t  be made 

to  t h e  Faraday r o t a t i o n  ex t r ac t ed  by t h i s  method i n  reg ions  where t h e  

r o c k e t  s p i n  r a t e  i s  varying--usually on ly  near  t h e  s t a r t  of  the Faraday 

r o t a t i o n .  F ig .  2 shows a comparison o f  t h e  Faraday r o t a t i o n  obta ined  

by manual and by automatic  methods, t oge the r  w i th  t h e  rocke t  s p i n  f r e -  

quency versus  Greenwich mean t i m e  f o r  f l i g h t  number 14.149, before  

phase c o r r e c t i o n s  were made. 

This system con- 

A f i n a l  r e p o r t ,  descr ib ing  i n  d e t a i l  t h e  complete system and 

o p e r a t i o n a l  procedure,  i s  near ing t h e  f i n a l  s t a g e s  o f  completion. 
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Fig.  2 .  Comparison of Faraday Rotation by Manual and Automatic 

Methods, a f t e r  Phase Correction. 


